A two-dimensional fluorescence analysis of spermatozoa stained with Hoechst 33342 was carried out using an Epics V flow cytometer. This analysis involved the measurement of fluorescence both in the conventional manner at 90\s=deg\and at a narrow forward angle (nominally 0\ s=deg\ ) were found to have a major low fluorescent peak with a narrowly separated bimodal distribution: the peak with the greater fluorescence was assumed to represent X-bearing spermatozoa, the lower peak Y-bearing spermatozoa. At that time one or two more highly fluorescent peaks were shown to be largely composed of moribund spermatozoa. Spermatozoa sorted by a flow cytometer-sorter into putatively X-and Yenriched populations were inseminated into suitably prepared females and gave rise to progeny (cattle and rabbits) which showed an overall statistically significant bias from the normal towards the expected sex ratio (Morrell et al, 1988) . These "Present address: Deutsches Primatenzentrum, Kellnerweg 4, D-37077,
Introduction
Accurate estimates of the DNA content of fixed spermatozoa stained with fluorochromes such as ethidium bromide, mithramycin or acridine orange, using flow cytometric techniques, were first made over a decade ago using fixed spermatozoa (Van Dilla et al, 1977; Gledhill et al, 1979 (Keeler, et al, 1983 ). Live spermatozoa stained with H.33342 were found to have a major low fluorescent peak with a narrowly separated bimodal distribution: the peak with the greater fluorescence was assumed to represent X-bearing spermatozoa, the lower peak Y-bearing spermatozoa. At that time one or two more highly fluorescent peaks were shown to be largely composed of moribund spermatozoa. Spermatozoa sorted by a flow cytometer-sorter into putatively X-and Yenriched populations were inseminated into suitably prepared females and gave rise to progeny (cattle and rabbits) which showed an overall statistically significant bias from the normal towards the expected sex ratio (Morrell et al, 1988) . These early studies were extended and refined by Johnson et al (1989) using a Coulter Epics V flow cytometer-sorter modified to measure fluorescence both orthogonally (90°) (Fig. 3) , with linear axes, of the equilibrium data for Claret ( Fig. 2(d) ). It can be seen that the major peak (containing about 50% of spermatozoa passing through the interrogation system), represents spermatozoa that have low 0°and 90°fluorescence. Experiments (summarized in Fig. 4 and (Fig. 4) : from the previous data it was assumed that this was equilibrium staining. The standard distribution for the circular injection needle is shown in plot (a), which has been arbitrarily divided into four quadrants. Quadrant I represents spermatozoa with their narrow edges towards the 0°detector, quadrant IV spermatozoa with their narrow edges towards the 90°detector and spermatozoa with their broad faces lying obliquely to both detectors are in quadrant III. The data in Fig. 4 are summarized (Table 2) Fig. 4 .
orientation of the spermatozoa dictated by the orientating nozzle.
In the two-dimensional contour plot (Fig. 6) Fig. 6 ). Window drawn round the major peak (peak 3 in Fig. 3 ) of spermatozoa passing obliquely to both detectors. Histograms drawn for both (a) 0°a nd (b) 90°p arameters. The CVs are indicated on the figure. The narrowly defined bimodality seen in these histograms was also seen for spermatozoa of the six other bulls analysed. (Keeler et al, 1983; Morrell et al, 1988 (Stovel et al, 1978) .
Spermatozoa in the sample stream of a conventional flow cytometer with a circular blunt-ended sample injection nozzle will be randomly orientated round their long axes when they pass through the interrogation point: the long axis will be orientated in the direction of flow (Van Dilla et al, 1977 (Keeler et al, 1983; Morrell et al, 1988 Morrell et al, , 1989 (Shapiro, 1988 
